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Introduction 

The Question of the Monterey . — For more than the last ten 
years California geologists have been accustomed to the use 
of the term Monterey Shales , or Monterey Formation , as desig- 
nating a somewhat definite formational division of the Cali- 
fornia Miocene, and as belonging to an equally definite time 
division of that period. 

While the full discussion of this interesting question can 
not be undertaken within the limits of the present paper, there 
are some reflections that may be offered as prefatory to the 
subject. If the Miocene strata of California are capable of 
being consistently subdivided, it should be done, for purposes 
of intensive study and discussion, if for no other particular 
object. 

The aggregate thickness of the entire Miocene section in 
California is very great, and the time interval represented is 
correspondingly long. In many localities in the Coast Ranges 
the Miocene strata attain or approach a thickness of 7000 feet, 
and the time required for such a body of strata, largely organic 
shales, to be deposited is too great to be included in a single 
time unit if any satisfactory divisions can be found. 

While the Miocene deposits of California have not been 
extensively studied, they are well known to be locally com- 
plicated. The exact number and importance of these complica- 
tions is not yet known. 

Undoubtedly the criteria for the final subdivision of this 
stratigraphic series should begin with the larger events of its 
physical history. Faunal changes are, of course, important, 
but they are more likely to be controlled, or influenced, by the 
physical events, and are therefore of secondary diagnostic 
value. Next in importance for such purposes is, perhaps, 
lithology, and lastly, inference, theory, and scientific imagina- 
tion. 

In many cases the order of these criteria has undoubtedly 
been reversed, and lithology and imagination have been given 
prominence at the expense of the diastrophic record. The 
varied conditions of environment in which the faunas of the 
Miocene were developed, the great variety and composition of 
sediments, and the complicated physical history of the Cali- 
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fornia Miocene, all contribute to the aggregate of variety that 
is met with in the field and in the literature. 

While it will be admitted by all thoughtful geologists, — and 
the idea is by no means new — that lithology can form no proper 
basis for subdivision of the Miocene, still the thick group of 
strata of this period, showing as it does the signs of wide- 
spread disturbances, can not be considered as being over- 
burdened by formational names when four or five have been 
proposed. In the early stages of stratigraphic study, if it is 
at all intensive, such names are necessary and should be wel- 
comed when it seems necessary to the workers in the subject 
to make them, and they should not be discarded without a 
proper consideration, nor until shown by creditable authority 
to be unnecessary. It may be frankly admitted by the advocates 
of intensive stratigraphic study, without loss to their ideals, 
that mistakes have been made in the early stages of their work, 
but this fact should not discourage endeavor to find the order 
that undoubtedly exists in their subject. The solution of the 
problem, though not yet complete, is possible; and, if later 
investigators have erred in their search for proper criteria of 
differentiation, their endeavors have been toward advancement, 
and their success, though partial, should be welcomed and 
encouraged. Their errors, even if great, as they have not been, 
are no greater than the errors of earlier writers, and if pointed 
out, may still be amended. 

But the difficulties in the way of making a systematic study 
and a systematic classification of strata should not of them- 
selves discourage effort, nor can the difficulties inherent in the 
language of science be properly urged as a reason for the rejec- 
tion of its results. As an example of a regrettable attitude, a 
recent writer has spent much effort to show that lithology can 
not form a sound basis of classification, and it is asserted by 
him that this has usually been the basis among previous writers. 
This author then proceeds to discourage attempts at subdi- 
vision, and endeavors to defend excathedra statements and con- 
clusions that were on the face of them premature, and made 
before all the facts were known. 

It has long been known that organic siliceous shales, such as 
occur near the town of Monterey, are a “depositional facies” 
that perhaps belongs to deep-water areas, and that strata of 
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this type occur in nearly all parts of the Miocene in California, 
and, in fact, are not confined to the Miocene. The suggestion 
that this lithologic type is not serviceable for stratigraphic 
divisions, except locally, is not at all new. Dr. G. D. Louder- 
back has recently made a careful but condensed review of the 
literature pertaining to the earlier Miocene deposits in Cali- 
fornia, particularly with reference to the use of the terms 
Monterey Series and Monterey Formation . According to«Dr. 
Louderback the usage of writers for one decade was to follow 
the lead of Dr. A. C. Lawson, who in 1893, proposed the adop- 
tion of the name Monterey as “the local designation of the 
series” — represented at Monterey and Carmelo Bay. This 
“local designation”, Louderback interprets to mean, and to 
include, the whole of the “depositional province”, including 
these localities, and in proof of his contention, quotes the lan- 
guage of a part of Dr. Lawson's text. 

Without debating the correctness of this interpretation it 
may be well to remark incidentally that the extent and limits 
of this basin or “depositional province” are not defined or even 
suggested, but presumably it does not extend beyond the 
boundaries of the California interior valleys. If the same 
liberty of interpretation be allowed to reviewers of Dr. Louder- 
back's paper that this author assumes in his cursory reviews of 
others it will be fair to say that his “depositional province” 
doubtless coincides in extent and boundaries with the Temblor 
basin described in a former paper by the senior author of this 
paper. 

The papers written during the succeeding decade, 1904 to 
1912, show a vigorous and healthy scientific advance, and mark 
an epoch of progress in geologic study of the California 
Miocene, and of the Tertiary as a whole. But complaint is 
made by the reviewer quoted above against the “multiplication 
of formational names, both within the limits of the (‘Mon- 
terey') series and throughout the Tertiary terranes”, and this 
increase in formational names is styled “dismemberment”, and 
it is said to be “confusing and rather discouraging to one who 
wishes to acquaint himself with the real essentials of the 
geologic history of that time”. 

In reality this “multiplication” was a direct result of inquir- 
ing study into the character and composition of a great sue- 
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cession of unclassified strata, and its complex history and 
changing faunas, and it clearly marks an advance in our knowl- 
edge of both the physical events of the time and of the resulting 
facts of deposition and organic development. The adding of 
three or four formational names was only incidental to the 
study and differentiation of the strata, and it was evolutionary 
and unavoidable, if any progress was to be made in our ac- 
quaintance “with the real essentials of the geologic history of 
that time”. An increase in names could only be discouraging 
to one who does not desire an acquaintance with the essential 
facts, or who assumes an acquaintance that he does not possess, 
or by one who is unaware of the value of intensive study. 

Within the limits of California there is much to be done in 
the way of finding a proper basis of stratigraphic classification 
of the Miocene, and its faunal changes. The area described in 
the second part of this paper, like many others that should be 
better known, has its own contribution to make toward the final 
result, and will serve to illustrate anew an interesting problem, 
and to some extent show the complicated nature of the Neocene 
provinces and their environments, and their phases of deposi- 
tion. Faunal differences have hitherto been ascribed to pro- 
gressive time development, and inland districts having faunas 
somewhat different from those along the present coast have 
been pointed to in proof of such contention, on the theory of a 
gradual subsidence and progressive continental transgression. 
The soundness of this view has still to be proved. 

It has yet to be shown that the so-called Vaqueros beds of 
the Salinas valley are older in time than the Temblor deposits 
at the base of the Miocene within the Great Valley. Little or 
nothing is gained by assuming as settled facts, views that upon 
last analysis will be shown to be purely speculative. 

During the past several years considerable stratigraphic and 
areal work has been done in and about the oil and gas districts 
of central California by the writers of this paper, and by those 
who have contributed to the information and fossil materials 
herein represented. This work has extended not only over the 
proved oil districts of the San Joaquin Valley, or better, the 
Temblor Basin; but following the lead of prospective evidences 
of oil it has extended into neighboring territory and into out- 
lying districts which have contained only doubtful evidences 
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of petroleum, or where only stratigraphic resemblance allied 
them to the oil-bearing formations in other districts. This 
work has necessarily covered much territory outside of the 
limits of proved or even prospective petroleum lands. But 
nevertheless it has thereby led to a broader and better under- 
standing of the stratigraphic conditions of the oil bearing 
formations, and of other associated strata, above and below. 

However, not all of the work upon which this and subse- 
quent papers are to be based was done as economic exploration, 
for much of it in fact was done for purely scientific purposes, 
or solely to extend the boundaries of geological and paleon- 
tological information farther than it had heretofore been car- 
ried, and to solve, or aid in solving some of the problems with 
which these subjects abound. While the distribution and 
correlation of the larger divisions of the middle Tertiary of 
California are well known, there are, nevertheless, points of 
interest in correlation which have not been finally settled, and 
any additional knowledge that can be added seems fully worth 
while. The familiar and much debated question of the relation 
of the lower Miocene of the interior basins to those of the 
coastal districts has interested the writers in areas inter- 
mediate between the Kern River region, the most easterly 
occurrence of lower Miocene within the Great Valley of 
California, and the Salinas Valley where lower horizons are 
supposed to occur. An area some twenty-five miles long and 
approximately ten miles wide, stretching from Paso Robles 
in the Salinas Valley southeast to the western border of the 
Carrizo Plain, was examined and partly mapped, and studied 
with a view to throwing light on this problem of correlation. 
The results of this work, while not yielding all that was de- 
sired, seem to warrant a brief description as to stratigraphic 
relations, together with a faunal correlation as far as can be 
made. 

The geology and faunas of some of the outer coastal districts 
have been studied by H. W. Fairbanks, J. C. Merriam, Ralph 
Arnold, and the present writers, while areas within the Great 
Valley have been similarly studied by several workers, includ- 
ing Ralph Arnold, Robert Anderson, H. R. Johnson, and the 
writers. Meanwhile, the areas lying along the southern border 
of the Temblor Basin west of the Great Valley and inter- 
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mediate in position, have generally escaped the notice that they 
have deserved. Aside from the brief reference by Antisell in 
the Pacific Railroad Reports, there are only meager accounts 
of their geology or paleontology to be found in the literature 
of California geology. 

Among these lower Miocene localities are those in northern 
San Luis Obispo County, as well as the locality on Los 
Vaqueros Creek, Monterey County, from which the name 
“Vaqueros Formation” has been derived. The additions here 
made to the lower Miocene fauna of California come from a 
more exhaustive study of these deposits, and of those on the 
Kern River along the eastern border of the Temblor Basin. 
In no other part of the province of geology is the value of 
intensive stratigraphic work and of invertebrate paleontology 
as an aid, more clearly disclosed than in the systematic study 
of the marine oil-bearing formations of California. It is not 
difficult for the paleontologist familiar with these horizons and 
their faunas, to follow or identify them in districts outside of 
productive fields, and thereby in some measure judge of the 
merits of untried areas. Much of the pioneer development 
work of the oil districts of this state has been guided con- 
sciously or otherwise by “fossil shells”, even by unscientific 
operators. 

In a systematic study of the various deposits, economic and 
other, that belong to the Pacific Coast Tertiary, there are not 
only practical and local problems, but there are problems of 
provincial, regional, or even continental extent that require 
consideration, and which can not be overlooked by the philo- 
sophic student who would correctly understand his data. For 
this purpose it would be desirable to know much about the 
climatic conditions of the Tertiary, and the environment of its 
local faunas. Too little attention has hitherto been given to 
these and similar phases of West Coast geology. 

However, it is not the purpose to undertake an extensive 
discussion of stratigraphy, faunas or climate in the present 
paper, but merely to suggest the subjects, which, it is hoped, 
will be further treated hereafter and incidentally to introduce 
into the literature a few of the hitherto undescribed inverte- 
brate species in advance of subsequent discussions. 
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The new species and subspecies of marine mollusca described 
in this paper have been obtained from the middle and lower 
Miocene of central California and other provinces at various 
times during the last two or three years. Among the con- 
tributors of material to this paper have been Mr. R. B. Moran, 
Mr. W. H. Ochsner, Mr. A. G. Carpenter, Mr. John P. 
Buwalda, Mr. Charles Morrice, and the writers. The field 
work and mapping of the San Juan district and the discus- 
sion of its geology and other features is the work of the junior 
author. 

NEOCENE RECORD IN THE TEMBLOR BASIN 
The Temblor Basin 

This basin has already been defined as occupying the larger 
part of the Central Valley of California and the neighboring 
intermontane valleys to the west. It is more accurately repre- 
sented on the map (Plate 9) which shows it bounded on 
the west and south by the Santa Lucia, San Raphael, the 
San Emedio and Tehachapi ranges, and on the east by the foot 
hills of the Sierra Nevada. It is not known to extend farther 
north than the Marysville Buttes, though Neocene and older 
Tertiary strata may occur there. An inspection of the map 
shows the Temblor Basin to be divided by mountain ranges 
extending through it from southeast to northwest, beginning 
near the San Emedio Range at the south and extending north 
to the Straits of Carquinez. These ranges form two groups 
running nearly parallel, but diverging toward the northwest. 
Toward the southeast they approach or merge into each other 
in the region of Coalinga. 

The Mount Diablo Range forms the more easterly group 
and is more continuous and more important than the other, 
which includes the San Jose, Gavilan, Santa Cruz and other 
intervening minor ranges. 

Several small intermontane valleys are enclosed among these 
mountains, including the Carrizo, Cholame, Peachtree, San 
Benito, and Santa Clara valleys, and a few others of smaller 
size. 

Mount Diablo Range . — The Mount Diablo Range embraces 
a number of minor ranges that are more or less separated and 
distinct, though having a greater measure of continuity than 
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the more westerly group. Among its units are included the 
Temblor, A venal, San Benito, Panoche, Mount Hamilton, and 
other ranges of less importance. J. D. Whitney divided the 
Mount Diablo Range into six sections which he believed to be 
more or less distinct. For the most part these divisions are 
offset from each other, having a somewhat en echelon arrange- 
ment, forming spurs that project in turn into the Great Valley. 
This fact has been mentioned before, and was first described 
by the senior author in 1903, in a paper read before the Cor- 
dilleran Section of the Geological Society of America 1 though 
it was not mentioned in the published abstract. The causes 
and significance of this peculiar and interesting condition have 
never before been explained, and it is one of the aims of this 
paper to call attention to it as one of the most important facts 
to be considered in the study of the diastrophic record of the 
California Neocene. 

Neocene Deposits . — While the larger portion of the Neocene 
deposits of California is included in the Temblor Basin there 
are important areas in the coastal valleys to the south. It is 
believed that the most complete, and therefore the most rep- 
resentative, deposits of the California Neocene are to be found 
within this larger basin. If older Neocene strata exist outside 
of this area their existence has not been proved, and it appears 
to be unlikely that any do exist. 

The Mount Diablo Range occupying as it does a central 
position in this basin should furnish the most reliable key to 
the physical history, stratigraphy, and classification of the 
deposits, which are here most representative of the Neocene 
of California. While Neocene deposits are found in all of the 
intermontane valleys among the interior ranges, their most 
complete development is found either within the drainage of 
the Salinas River, or in some respects, better still, on the east- 
ern flanks of the Mount Diablo Range, as will be shown here- 
after. The eastern flank of this range occupies the most cen- 
tral position of the basin. Descriptions of some of these 
Neocene strata have already been published in the several 
papers devoted to different portions of the range, 2 and in the 
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second part of this paper devoted to the Geology of the San 
Juan district. 

Structures . — The Neocene structures now found in and 
about the Temblor Basin, and illustrated by the structures in 
the Mount Diablo Range, are the final result of far-reaching 
geo-dynamic activity that has operated through several periods 
and epochs of geological history. The general aspect of the 
Geomorphic Map of California and Nevada shows the results 
of compressional stresses that have acted from east to west in 
the extensive wrinkling of the surface. This dynamic activity 
probably began in Mesozoic time or earlier, but it is certain 
that a large part of the distortion of the later strata was 
effected in Tertiary or post-Tertiary time. In fact, as will be 
shown later, much of it must have been accomplished in middle 
or early Miocene time. 

The general effect of this activity or tangential thrust is 
expressed in the Mount Diablo Range in two important ways, 
each of which is better exhibited here than in any other part 
of the basin. 

One of these effects is the widespread longitudinal folding 
of the Tertiary and older strata along the flanks of the various 
divisions of the range, as is to be seen in the several anticlines 
and synclines along the eastern flank of the range and in and 
about the oil districts, and on the San Juan River. 

Another effect is the breaking up of the main range into 
orogenic blocks, as will be shown later, each having a more or 
less independent diastrophic history. The structures herein 
described are at one with, and dependent upon, the diastrophic 
movements of the several blocks or divisions of this range, 
and this is what should have been expected. An inspection of 
the structures depicted on the maps of the Coalinga and McKit- 
trick-Sunset districts shows a general system of folding which 
involves all of the Neocene strata about the several oil districts 
from Coalinga to Sunset. The principal folds, anticlinal and 
other, follow a somewhat northwest to southeast course which 
is in a measure parallel in all of the more northerly districts, 
but which turns more easterly at the south. 

These foldings, as well as their grouping, will be seen to 
have a definite and consistent relation to the faulting that has 
taken place chiefly at right angles to the general axis of the 



